The production results of farmed blue foxes (Alopex lagopus) 
Introduction
Unlike that of many other species of domestic animals, the design of the housing environment employed in fur-bearing animal production has not changed greatly over the years. Traditionally, farmed blue foxes (Alopex lagopus) have been housed in bare wire-mesh cages without any shelter other than the shed. Nestboxes have been supplied only to females during pregnancy and lactation. This housing system has proved to be economically successful. Some farmers have, however, occasionally provided seasonal or whole-year shelters such as resting platforms, sleeping ledges or nestboxes for their foxes, with variable results (Harri et al. 1992, Valtonen and Moss 1983) . There is also positive, experimental evidence that farmed foxes with access to whole-year shelters show a lower level of stress and fear than animals without access Pedersen 1991, 1992) .
The recent recommendations issued by the European Convention for animal protection include the provision that for each weaned fox there should be available a secluded area which it can use for resting, observing and hiding (European Convention 1991) . In practice, this means that each farm cage should be equipped with a resting platform or nestbox. At present, however, compliance with the recommendations is not unambiguous, first, because of the lack of commonly accepted platform construction designs despite several studies (e.g. Harri et al. 1991 , Mononen et ai. 1993 , Pedersen and Jeppesen 1993 , Korhonen and Niemelä 1994 , Korhonen et ai. 1995 and, second, because there is evidence suggesting that at least some construction models may even have some negative effects on production performance. For instance, the mass and fur quality of blue foxes were poorer in animals having had platforms since weaning than in those raised without platforms. There was also a negative correlation between fur quality and the amount of platform use (Korhonen and Niemelä 1993) ,In silver foxes, Harri et al. (1992) found that fur quality was adversely affected by access to whole-year shelters. Furthermore, the effect of the presence of platforms on the reproduction performance offarm-bred foxes requires more clarification because of the controversial whelping results reported elsewhere (KonnerupMadsen 1982 , Valtonen and Moss 1983 , Sönderup 1986 ). Thus, although there is general agreement that platforms and nestboxes can be of great importance for the welfare of farmed foxes (Braastad 1992 , Bakken et al. 1994 , the current recommendations of the European Convention need to be further investigated with regard to production performance.
The objective of the present study was to determine whether there is a difference between the production results of farm-raised blue foxes (Alopex lagopus) housed with and those housed without resting platforms. Therefore, whelping results, locomotor activity and body weight at the breeding season, development of body weight and platform damage in the growing period, and the degree of fur defects at pelting time were compared between the experimental groups.
Material and methods

Platforms, animals and management
The experiments were carried out at the Fur Farming Research Station of Kannus in 1993. The characteristics of the platform types used in the experiments are listed in Table 1 and schematic pictures are given in Fig.l . Wooden platforms were made of 5" board (thickness 22 mm) and wire mesh platforms of plastic-coated wire (1" x 1"). The bottoms of the V and U types were shaped like the letters V and U. The U type also had a 45 mm thin strip of wood in the middle of the bottom. The front edge of the wire mesh platforms was fitted with a strip of wood (22 mm x 45 mm) for better stability. The platforms were placed in cages on both sides of the aisle.
Experiment 1 was carried out between February and July 1993 on adult blue foxes born in May 1992. Two groups were compared: (1) a control group, housed without platforms and (2) a platform group, housed with V type platforms. Both groups consisted of 60 females and 20 males. All animals of the platform group had previous platform experience of type V since their weaning (from July 1992 onwards); the controls had no previous experience. All adults were housed singly in wire-mesh cages measuring 107 cm wide x 120 cm long x 70 cm high.
Experiment 2 was carried out between July and November on 201 juvenile blue foxes (born May 1993; age <1 year). They were housed in two-row sheds with two animals occupying one wire-mesh cage measuring 107 cm wide x 120 cm long x 70 cm high. Each animal was eartagged for identification. All juveniles had preweaning platform experience. The experimental groups were as follows: (1) U-23 platform group: U-shaped platform 23 cm from cage roof, (2) U--30 platform group: U-shaped platform 30 cm from cage roof, (3) Corner-23 platform group: flat bottom platform located at cage corner, 23 cm from cage roof, and (4) wire-mesh-23 platform group; wire-mesh platform 23 cm from cage roof (see Fig. 1 ).
Freshly mixed fox feed manufactured by the local feed kitchen was supplied twice a day at 9 am and 1 pm from weaning to mid-September, and thereafter once a day at 1 pm. Feed portions (from 250 g in winter to 800 g/animal/day during the growing period) were adjusted according to the seasonal standards of the Finnish Fur Breeders' Association (Berg 1986 The locomotor activity of the foxes was analysed from the continuous 24-hour video camera observations (Korhonen and Niemelä 1993) . Both the control and platform groups were recorded for 20 days during each experimental month.
Assessing fur parameters and platform conditions Urine staining and ventral fur wear were evaluated by two professionals at the Research Station. The evaluation scale and technique were the same as those used in our previous experiment (Korhonen and Niemelä 1993) . The degree of ventral wear was assessed more strictly than in the normal assessment procedure used by Finnish Fur Sales Ltd. As well as furs originating from the experimental platform animals, 60 pelts were evaluated from animals housed without platforms. These were randomly selected from farm material and were used here as controls (only for urine staining and ventral wear). The control animals were housed in a similar manner to the experimental animals. Commercial fur parameters were evaluated by Finnish Fur Sales' professional graders (Fur Center, Vantaa) . The scoring, which followed the rules of the Finnish Fur Breeders Association for experimental skin grading, was as follows (the lower the number, the poorer the fur quality and clarity and vice versa. Saga Royal, Saga etc. are the corresponding grading names used commercially in Scandinavia for experimental points (Einarsson and Skrede 1989,Finnish Fur Sales' auction catalogue 1994)): fur quality; 10=Saga Royal, B=Saga, 6= quality class 1, 3=quality class 2 and 1= quality class 3. Clarity: 10=R+ excellent, B=R good, 6=R medium, 4=OC poor, 2=OC-very poor. Clarity is an expression of the shade of the colour (Einarsson and Skrede 1989) .
Platform dirtiness was evaluated on a scale of 1-4, where l=clean, 2=slightly dirty, 3=mod-erately dirty, 4=very dirty (Korhonen and Niemelä 1993) . Platforms were cleaned once a week. All cleaning times were recorded. The incidence of chewed platforms was checked at the same time.
Statistical analysis
Data were analysed using the SAS statistical programs (GLM procedure, NPARI WAY procedure). Mean differences in body weight and activity were tested by analysis of variance (ANO-VA), and the effects of advancing time by multivariate analysis of variance (MANOVA) . Differences in platform use, fur defects and quality, and platform dirtiness between the groups were analysed by the Kruskal-Wallis one way analysis of variance and the Mann-Whitney U-test when comparing two groups. Regression analyses were employed to calculate the relationship between platform use and fur quality parameters, and between platform dirtiness and fur quality parameters. Whelping results were tested between two groups using the Mann-Whitney Utest.
Results
Weight loss and activity during winter During the winter period from January to March (Exp. 1), the foxes spent only a short time on platforms, i.e. on average 54 ±l3 min/24 h (median 18 min/24 h). Table 2 presents changes in the body weights and locomotor activities of adult blue foxes selected for breeding. No statistically significant differences were found in the initial weights (Jan) between males in the control and platform groups. The trend continued unchanged until breeding time in midMarch. Among females, on the other hand, the animals with platforms were initially lighter (p<0.05) than those without. The difference was still statistically significant in mid-February, but became nonsignificant at breeding time in midMarch.
When the locomotor activities of the groups were compared on a monthly basis, there were no statistically significant differences (Table 2) . However, when the data for the whole experiment were compiled, the overall locomotor activity of the group with platforms proved to be significantly lower (p<0.05) than that of the controls. Significant increases (pcO.001) in locomotor activities were also found from January to March in both groups. This increase was higher in males (p<0.05) than in females. After January, males were also generally more active than females (p<0.05).
Reproductive performance
In experiment 1, one blue fox female in the control group died for an unknown reason just before breeding. Matings were more successful in the platform group than in the control group (Table 3) . On the other hand, the number of barren (non-producing) females was higher in the platform group. The whelping result was 0.4 pups higher for animals in the platform group than for control animals, if calculated per female kept for breeding, but 0.3 pups lower when calculated per mated female. However, no significant differences existed in any of these reproductive parameters.
Weight gain from weaning to pelting
There were no significant differences in body weight development between groups (Exp. 2), nor did the final body weights (December 21) of the control (N=6o) and platform groups (N=2ol) differ significantly from each other (7.2 ± 0.7 kg vs. 7.2 ± 0.6 kg; mean ± SD). Because there were no differences in the platform groups, their data were pooled.
Fur parameters
In experiment 2, two different ceilings (platforms 23 cm and 30 cm from cage roofs) as well as wooden and plastic-coated wire mesh materials were compared to determine whether these platform constructions affected fur quality parame- (Fig. 2) . The number of furs showing ventral wearranged from 9.6% (corner) to 16.0% (U-23) per group, there being no significant difference between the platform groups. Ventral wear of the fur of the animals in the control group (without platforms) tended to be lower (6.6%) than that of the animals with platforms, although statistical confirmation (p<0.05) was found only in comparison with U-23 (16.0%). The number of ventrally-worn furs in the animals in the U--30 and wire mesh groups was 12.7% and 10.0%, respectively. Urine stains were only found in the U-30 group, where 9.1% of the skins were contaminated with urine. According to the commercial evaluation scale employed by Finnish Fur Sales Ltd., the clarity and quality of furs were best in animals of the wire mesh group and poorest in the U-30 animals (Table 4 ). The average price of pelts from the wire mesh group was FIM 40-50 higher than that of other groups. However, the difference was not statistically significant. A weak, but statistically significant, relationship was found between fur quality (Y) and individual platform use (X) during October-November, indicating that fur quality tended to be good when platform use was low and vice versa (Y=-O.OIX + 6.06; p<0.05, F=3.84, R : =0.10). A slightly stronger relationship was found between fur price (Y) and plat- 
Dirtiness of and damage to platforms
The number of clean platforms varied significantly (p<0.001) between the groups (Exp. 2) during August-October (Table 5) . During each month, the U-30 type platforms were the dirtiest, and the wire mesh platforms the cleanest. Cleaning time was the highest in the most dirty platforms and vice versa. There was a significant relationship between the quality of fur (Y) and dirtiness of platform (X) (Oct-Nov period) as follows: Y=-0.76X +6.81 (p<o.ool, F= 16.02, R 2 =0.15). Thus, the dirtier the platform, the lower the quality of the fur. There was also a significant, but weaker, relationship between the clarity of fur (Y) and the dirtiness of the platform (X): Y=-0.278X + 6.55 (p<0.05; F=8.86, R 2 =0.10).
The wire mesh platforms remained undamaged throughout the experiment (Table 5 ). The number of chewing marks on the other platforms increased significantly with time (p<0.001). The number of chewing marks on all three wooden platform types was of the same order of magnitude.
Discussion
Environmental enrichment can be considered the addition of environmental features which increase the complexity of the captive animal en-Korhonen, H. & Niemelä, P: Comparison of production results between blue foxes housedwithand withoutplatforms vironment, resulting in beneficial effects on behaviour and other aspects ofbiological functioning (Newberry 1994) . In our study, environmental enrichment consisted ofplacing resting platform inside the otherwise empty cages of farm foxes. Thus, the critical experimental factor here was the presence of the platform.
Our results showed that there was no difference in whelping success between farmed blue foxes raised with and those raised without resting platforms. Although the number of mated females was somewhat higher in the platform group, the greater number of barren females caused the difference between the groups to be nonsignificant. Our conclusions are supported by previous platform experiment (Valtonen and Moss 1983 ) carried out at two Finnish blue fox farms. On the first farm, the whelping result per mated female in the platform group was 5.73 and in the control group 5.20, with no statistical difference in the means or number of barren females. On the second farm, the corresponding results were 8.82 and 8.38, respectively. The difference was not significant. The number of barren and aborted females was, however, higher in the platform group (Valtonen and Moss 1983) . On the other hand, some studies from Denmark have yielded a somewhat different conclusion. Konnerup-Madsen (1982) found that the whelping result per mated females was higher in the platform group (6.24) than in the control group (5.51). In the experiment of Sönderup (1986) , foxes with platforms averaged 7.78 kits/mated female, but controls only 6.96. However, these whelping results are not unambiguously valid because some of the females were given substantial vitamin supplements during the breeding season. The better whelping success in both Danish experiments was due to the lower number of barren females in the platform groups. Moreover, the different whelping result between platform experiments may have been partly due to differences in the platform types used (Korhonen and Niemelä 1994) or the temperament of the vixens (Kristensen 1988 ,Bakken et al. 1994 . Clarification of these points requires further study.
The locomotor activity of our blue foxes with platforms tended to be somewhat lower than that of the controls. It is possible that the addition of extra equipment such as a platform in a farm cage may limit activity by curtailing the animal's ability to move freely on the cage floor. The extent of this constriction, however, depends on platform construction and ceiling height at least ,Korhonen and Niemelä 1994 , Korhonen et ai. 1995 . It is unclear whether the somewhat minor weight loss noted in our platform animals from January to March might be a result oflower locomotor activity. However, the decrease in activity was so slight that it did not affect whelping success. On the other hand, it is also possible that the presence of the platform in the cage may reduce the need for pronounced activity because the platform as such serves as an extra stimulus (Bakken et al. 1994 , Newberry 1994 .
Our previous platform experiment during the growing period showed that ventral fur wear was twice as prominent in foxes of the platform group as in the controls (Korhonen and Niemelä 1993) . In that experiment, the same result was obtained with three different platform types (V, E, L). In the present study, there was also a tendency for platform use to be associated with ventral fur wear. At its best this was seen in furs of animals with U-type platforms in their cages. Platform use was also highest in this group. The very low amount ofplatform use seems to explain the low amount of ventral wear in the fur of animals with corner type platforms. Ventral wear was also observed in the control furs but to a lesser extent. Thus, some wear clearly also exists in animals housed without platforms. The reason for this is unknown, but one possibility is the obesity of animals at pelting time (cf. Korhonen and Niemelä 1993) .
There were no marked differences in weight development or final body weights between animals in the platform and control groups during the growth period. The result is thus consistent with that of our previous blue fox experiment in which no differences in pelt length and final body weight were found between animals with and Vol. 4: 351-361. without platforms (Korhonen and Niemelä 1993) .As a matter offact, it is rather difficult to see why there should be a difference in growth between the two groups. The more limited space in platform cages may play a role, but at least the present, conventional-sized cages with platforms were large enough to provide normal weight development. On the other hand, the platform can be seen as an environmental enrichment to the cage, providing more complexity and stimuli for behavioural activity (Braastad 1992 , Bakken et al. 1994 . Such enrichment would be expected to promote wellbeing (Newberry 1994) , and thus should not have an adverse effect on growth.
The present platform types were a new type of construction and had not been studied before.
Comparison of their use with that of the previous platform types (Harri et al. 1991; Korhonen and Niemelä 1993) showed that more use was made of wire-mesh and U-types but less of the corner type. Thus, if we consider the amount of platform use as a criterion of good platform design, then wire mesh and U-types can be recommended. However, in terms of animal welfare this is obviously not the only important point (Jeppesen and Pedersen 1991) . It was recently pointed out that the frequency of platform use by farm foxes does not necessarily express the magnitude of their need for such equipment. According to Bakken et al. (1994) , it is important for the fox to have a refuge and an observation platform even if it does not use it often.
From the farmer's point of view, the interesting result is the economic effect of platform construction and material. In this respect, the wire mesh platform was the most cost-effective, as the pelts of foxes from such cages fetched the highest prices, the platforms needed the least cleaning, and the number of dirty and damaged platforms was the lowest. Since differences in fur quality and clarity existed between pelts coming from similar U platform types with two different ceiling heights, it is evident that the ceiling can also affect these commercially valuable fur parameters. In blue foxes, Harri et al.( 1988) have observed that a platform distance of 30 cm from the roof activates defecation on the platform as there is enough space for the appropriate posture, but a distance of 20 cm prevents defecation as space is too limited. Our findings support this claim as the number of clean platforms was significantly lower in cages with the U type of platform 30 cm from the roof than in those with the same type ofplatform 23 cm from the roof.
As the results showed, some of the wooden platforms were very dirty, even though they were cleaned once a week. For the commercial farmer cleaning may thus constitute a considerable problem in terms of extra work. Dirty platforms may also cause health problems due to infection. The most common source of foxes' urinary tract infection, for instance, is bacterial invasion from outside sources (Harri et al. 1991) . Wooden platforms also involve extra costs because of chewing damage. From our data (Table 5) we estimated that wooden platforms have to be replaced once a year or every other year. Platform dirtiness may also be reflected in both fur quality and clarity, as our results implied. Problems such as these are not encountered with mesh platforms, however. Thus, in light of the present results, wire-mesh platforms would appear to be the obvious choice.
In conclusion, there are no differences in such parameters as whelping result or body weight between farmed blue foxes housed with and those housed without platforms. Wooden platforms can be problematic if the distance to the cage roof is more than 23 cm because their excessive dirtiness can impair the quality parameters of furs. Wooden platforms also raise costs owing to the extra cleaning needed and platform damage. Both can be avoided by using platforms made of plastic-coated wire. There is little difference in the use foxes make of wooden or wire mesh platforms.
